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(57) Abstract: 

PROBLEM TO BE SOLVED: To 
realize increase in the writing rate 
and reduction of the writing voltage 
by improving the injection 
efficiency of channel hot electrons. 

SOLUTION: In this nonvolatile 
semiconductor memory device, in 
which a floating gate electrode 3 is 
overlapped with a part of a drain 
region 1 1b, a region having a 
constant impurity concentration Nd 
horizontally laterally along a 
channel longitudinal direction is 
included in the overlapped part. 
Since the peak position in an 
intensity distribution 31 of a 
channel longitudinal electric field 
generated in the vicinity of a 
surface of a silicon substrate 1 is 
much shifted inward of the 
drain-side edge of the floating gate 
electrode 3 in a data write mode, 
hot electrons generated can be 
injected efficiently into the floating 
gate electrode 3. 
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iSSfis ffSgy— MBISi 0 3oxyi^nFttia»e>f 

*mmm<D rm-mm f4, wm^mt 

«W{c#aEUTV^\ *^s (fefcZ>#£\ 9 
(Lovr) (4, &*&t*?-4r*A>t&>l 5%mm 

[0052] ^^Qto^iiro^^tt^fl^Ettagaji, 

h 3 <75T^{c*3V 8ae83lto»e>EBiJ£ 

[0053] ^m^m.^mme/emmx-ix k w > 

Wti 1 1 b (D-^75S?¥igy- htg3 WTicf^ft-- 

tto&M. VkXMSffl&AO t>\ ffi&?—bW&3<7>=. 
[0054]E13ii, KKViSl 1 b<Dj-—/<—y 

oT5£ LuNi(DSIJsJc(cfcv X. KW >Wt$P>&BB?F- 

nSMBfcfcj t-#3 5. ;f- 7 77l»ro) 
l££l&v^cfiHJ#T«4 > l2I3(^$tlSct5{c, KK> 
9Wcl 1 b<DS[iii^«^Ndi±^^^/UtBJ^(D^^: 
a5(C|p)d»oTWJ.1lw^'>L-Cl^,, KWVlTgJ&l 1 b 50 
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a?ffi^<bf+$i|Lfc$t£ Xjf4s KW^ 

tfil 1 b<D/?^(CtB^L-Cv>5. #ISifcfl2f£T'»4s ZcD 
£ X j J; 9 1> ✓ <— 7 y L ovr/4 s tc # 1/ \ 13 

* tt x •> y ^ yi« 1 £ h >^u*i»K 2 1 <7>ms\zis 

^{-{SSLT^5*^li^flg{cJ;ixJ4\ f!B*fi s i¥ 
iSy- K«® 3 0>T2FK#& LTl/ *5 ^Rfttttiftg 
WigT^rWSiJ L&tfS lbs KM y®« 1 1 b &&Wf— 
bWM3<DTi l z.ffij7ft'^<m&i-Zztfrx-ZZ 0 r 

~> 3 ><D^msm&i> i 3tMz.mi< ^t, kk >«w i r 

-hSrfcfcPjLWSo 
[0 0 5 5] @4 (a) (4, *H»F^llCfcVX->^ 

4 1 Sr^»j{c^ LTV ''-So 111 4 ( b ) 
14, 11 1 C0t$5feC0^»^tt^#f*15lt^a(cioV t-> y 
^vgii 0 1 cD*S(cffM$tt5^^^/kft^«# 
<©3Saf^fti»4 3$r^Sfi«j(C^LT^5o 04 (a) 
*s«fcl* (b) A»e>t>d»5«fc5»c, *H*©g«gJcj:nJi» 

^^^ICifio'lt, L7i»t, ^(Of- 7<Di«$^7C# 

J>m&i l 0(c»£ixiA^v^-5<t#x.^5o 
MLT, *3DIEff^.T(4, *yKil/^ h.nyiD^t 

(Ci£A$-it5Ci^T'# 5<DT', )4A^^L<eJc# 
[0 0 5 6] /«eib\ ^-/<-7s/t1f|5^s rtsj-^j 
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LTV ^5«^±, K i~f vffilgc 1 1 b Oi«8lW)«fias(6 
T-fZtzib. 04 (a) 0>8H*4 2fc^3n3«fc5fcJ£ 

[0057] j&msm&to&mzxtuz* 

5iZ7fab9V^ 1 afci^y avis 

1 fc o v<DmS.^mu UfeWBt?l5ff $ Jx5„ cco# 

£\ 1 1 a a»6ttlfc«W. ^■■r^HBWrt 

1 b(C[p]d^o-C^i<iL^^^^^u 

aiu^ho^tftij, ->y ayfflsi t K>^/wtea8S 

-f lib (DWm/f— hmM3{Ci.^^-—y<—y y 

[0058] ^w«tt^friaiis»Bc«fctui» tH* 

iMfr2. SlJ^y— h®S5{C- 6/6^-8 V x K^>" 
i«l lblC5/i^6V, V— Xffi&l 1 a&itfv'y 
= 1 (' 0 V©1E &fWm LfcKffit?HfT$ix5. 

k^Xft-Wf— VWmsfiwnFF&Y^'Offl&l l b 

[0 0 5 9] &LTl^ 05 (a) ~ (d) £#BBLfcz)* 
[0 0 6 0] 05 (a) K^ftSJ;^ 

^^5i ^^1"5 0 z.<ry**9 5 l ii, Bfcltf y y 
v \, vx^si offMitfiic, y a ygjg i co&ffi&ft 

\ 5 0 -CfilSI LTJd< - i U V 

0. 3/^ibO. 4 y mt-feS, 

[006 1] ->y aySSl K>*ffiC0 5*>T;*? 

5 1 icMfoft-C&t, MW*3:#fL"C nl^i: txtm 

(as) ^xt-v^ttA-r^,, ^^-vaAwMiig^^u^ 

(2, m*-t£2 0A>e>40keV, K-Xfflti, fjijx.(2"5 
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x l 0 l4 #>ib 5 X 1 0 15 c m- 2 T'fo^> 0 ~ 0 LT. 13 5 

(b) (c^-f-j: 5 ic y— *MKi i a:fcj;t>*Ku-f > 
m®i l b^S«ilc)iM$ix5 0 
[0 0 6 2] 5 l&£Vfflmi\M5 O&tf&l, 

tzm, 05 (c) fc^^nsipfc, mkikmz£-z>x 

10 4&Bf&Ltzm, iftmV- bW&5 kts:Zm2(D^£ 1 B 
4±(C±t«T5o 

[0 0 6 3] 05 (d) \ZJH£tlZ£oi^ 

mirz> u-^h^^5 2 2 <73^ B b-> y = >^ f 

5' ±(c)FMU7t^ i*KO Ky^x-y^y/Sf ^ 

i» [0 0 6 4] 4*S, I/^h^^5 2ft y— ^.ffilgc 
1 1 aO— ^-T^/UgBt^ fc'i^KW^l 1 
b <75-g|5£li 5 i 0 tL5o K W ^ffi^c 1 1 b 

0 5*)^ Y-?^V 5 2iCjzoTS^n-5^I5^\ K 

[0 0 6 5] ^F*B»S<4fk<oyti«>©T=— y^±, ±ISn 
5 0 -<7)7=-/HCj;ot, y— ^flBjtl 1 afcit/K 

a±x<D$;m££iXmkt?>t\ *9mj&&D®&$: 
%mrtZW&. SOnmi'J^S^, COfflMu ^— 

X x tJielJ*)*-^-?^^ (L 0 vr) .fcOt/M 

tetfc(CctoTT-ii^<, ->y 3XS^i<75*E^ibi£A 

[0066] *^iHiff^(75tat^ffi(c2n(2\ atiiiy- 

h SIS 3 <DMF&mz s V—*m$. lla^iVK^y 

fisi^ci i beMLti^, ticiot, 
hswkj Sr-^tf *— ' <- 7 v yuft&my- y tm 3 

50 (OTJftZjSimjrZztA^miCfd;?). Wfcco£oi-. » 
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Wf— hWM 3 «)f«l: y—xW®. l l a *s J;t>* K u 

>fsn$ i i b &j&&+zm&i*s y- hmmz^x ? 
smm&^^^/^&^ncr^x^mici&r lx l£ 

X (Lovr) 1 b (WWAfcotOKft 

-mm^Mi-^mm<Dmmt Lxmm-tz, ^<Dtz 
*>\<^mitti>^xm^m>\^x\^h<Dk^x.bix 
[oo6 7] H2<o^®ii. ssiiictt, HR^n-o^ 

tfxzz. 

[0068] z<d£o te^mk^mmmmmzzn 
-tz>frt><9\c, mz&^mj±&i&< WX.t£. 4. 0V 

WTfd) -T^^i: ■bT'#5„ Sfc, 5F««j««0^^s 

^*'\^m^*^*mmzJ^zmzftL,xmzm 

^fflBtSrWLTt/ ^5fca\ y— K W ^ 

So 

[0 0 6 9] ®2«iJS«l) WT, H6£#BB.L# 
# f>#»f!fc: «fc S^R»38tt#i!««EttS3aiO» 2 <7>H*£ 

MO SS7 7 7'>aEEPR OMT-fo5 0 

[oo7o] i6 iZTfkztiz x o td, *nmm<D^w 

y =» >SS 1 O p M¥^f*nM^(cffM$ttTi/ ^<5 0 (H 6 
T'(4, tfM^yir^Lri^BE^ft-Ovkv^ 

[oo7i] *mmm<nmm*. 

[ 0 0 7 2 ] ll 6 <rmm-Z* p S/^NKtSBtjcfc^ t^ws 

mttf- h mm 3 .tioFM £ H^saffe^iBi #a 
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5 0 -ti^coy— Hmfii3JS<tU ? 5C0fRiJE{C<i > Jfe^tt 

1M K0j*~- /kJS9 a 9 b 7>sjFM$tiT^-5. 
[0 0 7 3] zco^Sd, ->y =3>S^irt(cffM$4x 

>^ 1 1 b <7M^ > y 3 >-^£ 1 |^(cffM$4X7t 
n -^fSSS y-X^ 6 a 43 J: n "SMfiaiS K l~f > 

10 [0074] *mmm^*m&)te&x ( 1 ) 

— 3 K i"< 6 b <D— gtffrb 

—9 •yy'LXiS'O . ~(D3r— s<— 7 77Hift©t!C, ^ 
^^R^i^^^^ft^jc^oT^l^itC— rid; 
— rS% *^*ttTv^- *3J;t>' (2) JSHBSc© 

iott- ^•yT'^tVTV^^V^^c (lib) (D^f 

m<D*mmmm (6 b) tta^fciiiag^^fe: 

i'O «W (1 1 b) iSr^A/T'i/^5o 

[007 5] *^Jg?f^T'(4. 3}"— 77^5)«f 
-t^kfi^lS»cJBoTftaiUfc-9--<X (Lovf) it. 1 
3 0 n raggt'* "9 > ffi^^-^^/kS^lRllCffio 
TtfiSLfc-y->1'X (Luni) (4> lOOnmilffe 
So ^— 7-yySLovR(4s ^ — 7 <y~7WkO 
m$ (=«5)©^l^Xj=^5 0nm) «fc •? 

±$i<\ Sfc, t-/<-7 5/^wyy 3V£Ki 

^\Z&tfttfflmm±. 1 X l 0 18 c m" 3 *^ 1 X 
1 0 19 c m' 3 X^<D\zn LT, KK 9 t,r? 

^^J;"9*<, ixi 0 20 cm- 3 tllffc5 0 
[00 76] *HSS^S(Cottu«, K ^mmoir— 

'<-?-y t *<DwnMb t (Drnx^mmW)^ 

f£^>Xto <9 s Zft?H<7MMCttl.XW.3Ll,xmmtt:m. 

k u-r vffligc 1 1 b <D^mmm* vt& 

40 & h>'^lfe^fll2 4 3 (caXL, h>^Uipfe^flg2^5^ 

[0077] **^*go^st>. % 1 (vmmmcom 
vmirz>-jix\ mmtf&m v >*^mm% 2 o^ft 

50 ^Jl-.i-^fc^lC, ir—^<—yyy^^(T>^mM§i^ 
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[0 0 7 8] £ATtC, 015 (a) ~ (c) Sr#fl8Lft 
[00 7 9J 41\ Ell 5 (a) |OTfJ;9i:, 

»!I8£<fciH 5 o izmt>titz'> y => vis i ±ic7 * h u 
y* 1 2 Lfc*, 5/ y a Vg« 1 

*S (^^^/kft^|fi](C©o-Cl+S'ILfc-y-'l'X) HO. 3 

^->cD&7j]IfiS^-^/U-=¥— (± 30d^60keV, K— 
Xili5X 1 0 13 H5X 1 0 14 cm' 2 tt5„ Z(75-r 

6a' &£Xf6b' tmjtZiriZ. 
[0 0 8 0] 7*M/^ h^*— 2*5,1: t*R8H* 
fkB!5 0*|S^Lfc1i. 015 (b) (Ciirri^fC, h 

>^/^mm 2 „ r^igy- bmm 3 , s«fe^4 *$ ± 

ftgflMK 2 j*^7*- httS 3 <t ft* Jg 1 

2 y =>m&i&p&mrftBkmzx.v 

BI£:££ncoy v???* m.xf^-y^y'&m^m^^x 

||S (^-^t-&;»7Pfy-©oTi+$J Lfc-y-^T X) (40. 5 
A^o! 6 ymtf5 0 

[0081] ismm?- vw&<D/<5-=-^<f<r>tz.t> 

o.y y^97^xg{c*sv^ ^*^HHtto>'f , *fflft' 
momm 6 a ' ii4t>*6 b ' <fc CO^-— y<— 7 -yy°(Dm. 

S. htffi3t (SWReifefcttfcB 6b' i<D 

^-/<-?'/7T)KW)f'rX (^--/<-7y7 - fi) 14, 
*mmWM&. 0. 0 5rt>e>0. 15/imitoc 
±tefiS-^*?it(C 0 . Id m^g^T^X 
b&3bZi>\ ZtUiT*'^ x\miz±Z < USPLftv ^ 0 

[0082] **5, kwi 3 «tieata^FJNfi«5«: 

Si6a' *54t>'6 b ' b<n*—s<—7 -yycoWglX 

[008 3] We, El l 5 ( c ) IC^f J: 9 {C, V&aco 

*M b'v*— vu*'*— - y— 0¥£ :^10 0A«6M l 5 
0 n m) 9 a fcil>'9 b *rffi^V- htffitOflWEKfl^* 
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LfcgL ->y ayifinctl-f ty^ttAts. t* 

-I'Tf-vrojiAAD^^/u^— (43 0^>ib60keV, K 
— X1I15X 1 0 14 H5X 1 0 15 cm- 2 tt5. Z<D 

-r^-vjiA(cj;oT, > y =i >-gig i co^®oo o -hms 
v*—hmfeAmrt%tix\,^ffl$£W<Dm&^ mmm 

WmftffiMi l a&it/i l bi^SJiS. ffi$t£ 

^fflMttffiMG a ' *34T>*6 b ' <Do *>, ifS^— h« 

itjyjztz-y-'T k?*— /ux^<— y-(cst?n-cv ^^ctc 
(4. iiAnWict^^-v^aA^n^^ -etitwco 

gflfis (gJISy— X®^6 afeJcOHS^KWVffii^ 

^ttfiwii i a*s«tt5i i btc^tt-So assise*:** 
wtimmi i afcitri i b(4, -tax-en, ssa&y-f 

[oo8 4] ism&y— *m$6 afcitflgatSKwr 

tt¥#«^iel^g(Ci3(t5f£^!t KK>««6 b(4, 
fiEAfltaJ:»)fcJp:<nc«3. *fc. ^60^(4^-^ 

S KW >M« 1 1 b ^©^«fl*t*aBrt-5fc*-tro4B 

^^+^/HS^**^{ci6i*»o-cffi»4a2:*s9, -y- 

Kl>*— y-9 bWTSPid^T-itA-rSo 

Zi(4y-xnB*grCtl^ltc5feC5o L^^U 5 
^M«£S5:^5^c-Ct>. h mm 3 iciotH 

*?4xTV KM vffii^6 b<D*— s<— 7 -y7M 

[008 5] /j:*3 % y — ^/ K W V^i|£<7??fM7)^T 
[008 6] (M 3 (DWmm J^T, El 7 Sr#.B8 l.^ 

40 mm&mm-rzo *w&mm<Dmffimmt>. n^v** 

MO S My 7r>^EEP ROMT*$)5o 

[008 7] El 7 (^£4-15 4 9 JC. *3D©£«§tf^F» 
|g+4¥^f*Kti^gi4 > P S¥»flsSl«Sr&tf -> 

y = vsts 1 © P m*mfommcMf&ztixi< >-s 8 ei 7 

T'i4. m-W^^yir^Lrt«$tLT^/j;^75\ 

[0088] *%m\m(omM.\x ^^w^icjfM 

5(3 A/£*IIli:P>*T-fc5cD-C\ M#JC#jH-Sf?fiS(cio^T 
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[008 9] ^^flltc^^^.^ii, ( i ) wm? 
— h Wf& KK vfBftj&D-fflSfl- t <—y -y7°L 

^stra^r^ (2) Kwf ^m^mmm> 
ttK^gv ^ i (o^mmmm 6 b t*mmm<Dtm 

fc=tt>* o) fgi<D^mm$m6b(D r±m tm2 

<n?Fm>>mmi 1 b60 r-gpj ^?isy-h«^3{c 

[0090] fcis, y-^^wflifi)c{±. 
6o«j# t i5]«{c, ^■mmmm<Ditmm *s i cow^ 

mi i a ttrS/vX'&y. %i<n^&!mmm6 a<D± 
&tm2 (D^mmwm 1 1 a <^-35^s^y- 

[009 1] T^-^Sti^i^LTffigT 1 - h®S3 
<Dnm*±.9i1rZ> t mx.t£3. 3~5tf'A-Mc:±IM- 

^iSy-h«t!3W>fT{cfi«^-5o Z(DX 

ot£mm<r>i?mz£.^x. &2^m>mmi i b 
■f-*r.tJ&:<fiai$tb'5. 

[0 0 9 2] 08 (a) x— ^*#ii^-B#(CjoJt5 
K U"-f Vffii&fc «fc WfiOififf ©*S«i (tfx V>-v 

Sr*Lt^5. 08 (a) j5»f>fr;&»5<fc 7^— 
*»#&*B#, Iff 1 60«W3iWf 6 b (O^BJCjott 5 

afifi, %2<n^wmfflm\ 1 b<zMtt£ (kk^ 

{£ : fliRfi 5 tf'/u h) tmm U it IS 1 <D^ 

m>tmm 6 b t^^^mt<Dmsm»-r^m=m 

4 (a) (CTF-r^^^t^fl^t-^^M^n^o 
[0093] *jo©ea»-ctt, m i ^m>mm 6 b 

i (n^mvmm 6 b (cjfm Lfcgae/Ki. t rn« r. 
t?£<m2<n^mbimmi i b(Dx r ^^ft^ 
»-*t»*^. 0 -t^e*, ^2(D^mmmmi i 

b<Dm^^MH. (Kwfv®{£) *SJB 1 'D^mtWcM 6 
b rtT-tasv tt&tttt LtaJ*6. ^-ir^/HWfecBWjff 

[0094] r?igy- Km® 3 co«f4^ffi:T$-ti-a _ i 

(II) S*cB*srB*.St. 08 (b) ic^j;?!^ Iff 
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[0 0 9 5] 08 (a) to^rj (b) $rJ:t^-r 5 1 & < 

«t 5 (c, % i (ry^wmmm 6 b « % ^7*— h 
WM3 (D-mtazfctx, %2<n^mm$m \ 1 b©t 

[0096] mi <D7fmoimm 6 b 

iz^B#(c*3i ^1 1 <n^mM.&m 6b(om 

1 0 17 ~1 x 1 o 19 cm' 3 ) ffeiliWiU^ ~ 

<dx 0 1 (D^mfomsm e b 3 
icio-c, ffii ^jRw«wtars:»o» 2 (D^mwmm 1 

[009 7] *HSg^li-Cii, K u-f y*iS->;~ 

— SSH30«fi:{cd^^ib-ni®6<j{c— fe<D KM ^ 

(!K2(Z>5RWSfta«Wi 1 

b) <h, ??isy-h®s3om{i(ci£:cT«sa^K 
20 u^MZLizx^itirzm^mmmgw* diro^ 
b <D<£.ms£vim 2 (D^mwsmm nb ©— 8Bd«ffig 

y— h®S3(Cj;oT^— /<— ^y^tuTV^o ^.W 

[0 0 9 8] /j:*S, 7*— *tH*8*{£*Sl^Ttt:, ^2-75^ 
5o »l©WIWS»l6basKK>tffi 

^ y >ytm®\£ft. 7— vm\M 2 1>^—^ h 7 

yy^LXLt-Ot^^ IBiaSrEHttt- 5 w 1 1 rTIIBIC* 
[0 0 9 9] 09 (a) iSXlf (b) ^#BBL^ 

07 <n>mm<DW^m^mmir^ 

[0 10 0] 09 (a) (CTiH- j; 9 [c, *E^5^ 

^^->SraAi--5 0 7* t>Ui/^ K/^— >-l 2 60*1 
(^-^^/uS^tCffio-CI+ffliJL/c-^-rx) (iO. 3^^ 

y60a7j3Di§^^/U^— li 30H60keV, K— X 
Si5XlO%ib5Xl0 14 cm- 2 tt5. Z60-T^ 

- v l 2 -cflfcbft-O ^.cv ^WtclSRSPFi(®tWa:»« 6 
a' fcioteb" ?iS)FM$nSo 

[0101] y*v UvX h^^-v l 2fcJ;t>mSS$ 
50 ftB!5 0*l8fe*LfcK. 0 9 (b) (CTj^Ti^lc, h> 
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m2 *mffrtz>JM, amy- bmM3 1 1 <d& 
&m$mm 4 5 is. mm?— b mm 5 1 tt 5 

(^^^i^g^[6](c©-oTffI'JLfc-^-YX') (40. 5/$> 
10 10 2] ±mmV- bffi&<Ds<*-=.>?'<Dtclb 

my-bmm3mmm^mmmm6b' <?>-%b* 
y?-fz> ± 0 (c^fr^tv^o mm?- bmm 3 
t \mm^wmMm 6 b * t <o*-; <- 7 ~y -xw^n 

1 0 075><b 15 0 nmi/i5, 

[0103] ^ zntzmmt 1 - bmm 

aAAD^^/U^— (4 30^60keV, K— X»4 
5X10 14 ^5xi0 15 cm" 2 if5„ C Of 

Aid j; ot, 0 hfm?— bffimfrWirt h 

kix^^mmxmmmz, mw^mmmmi 1 a 

:fe\};tM 1 b^ffMStiS, K^W^iWI 1 1 a 
*3it>*l 1 bfi, ^*jJ->-aAi£^(c:#iSy- KmS3(c 

(b) ic^-tx?^ mmm^mmmm 1 1 a *3j;i>* 

I 1 b«Z>— g|5^$®y— hffll3(Cj;oT^-— 77 

I I bi±. mmmy-*mi&te£u<mm£b° 
[0104] i&mig.y-*mm6 a tsxvH&mm kw 

tt^f^tett^Micjostseat^ v^^mme bit. 

t>iXTl ^(g&Og KU-T >01gc6 b (Dst— y<— 7 

[ 0 i 0 5 ] cm4<Dmmm) wt, h i o £#0?. l 
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<b*3IW{C «fc £ 7Fff|gtt^(Wetg^g<7)^ 4 <7?H 

yUMO S S?7 7r>aEEPR OMT-fc5„ 
[0106] Bl 1 0 t,Z7fk£tiZ> X 0 fc, if-Wmmfn^ 

> y =« ^ats 1 co P nxv * s a la 

1 OT'fi, m—<D* ; £V-t^Lfrs?m.£tlX^^\,^K 

%imia*, £$k<D*^v-tsufrm-mfiLkicmmt5tix 

[0107] ^HJS^fllco^gfi, ^flsffii^fcffM 

[0108] ^USSff^tCiRHIS^j^^ii. ( 1 ) 
- h «tl 3 z>5 K W ^m*$.<n-Uft t <-7 77° U 

^■t^HWiSHcijBo-ca&isnc:— rj^j— 35 
^ttT^^^i, *3j;t>* (2) KWvffl^c^iig^, 
^CDttgaftfgi/ ^ 1 co^F^tttfe® 6 b t . ^F-'mom 

m 8 b <k Sr-g-A/T-v ^5 Z i lc$>^, 0 ftis, y— *W&<0 

rnmit, b'^>mn<Dmm.tmm^ ^mmm<oit 
tswfgv ^s£ 1 <D^mmmm 6 at. ^msmmntmi 
&om\ / ^2(D^m^mmi 1 at. ^1*5^^2^ 

[0109] kw >mt&co*-s <- 7 y -^^(d-xu 
Kit, ^-mwrnm.*- 1x10 18 ^^ 1 x 1 0 19 c m - 3 ^ 
^ 1 (D^mmmm 6 b Ti^ffM^nrfc ^ x ^ b-<y 

±- /u^— ^ 9 b CD^TIill^Wi^^ 2 x 1 o 18 
!4^2xi0 19 c m" 3 ?)! 3 n^mtimm 8 b tfifig 
Hi 0^^fc7J^ct9(^ ^3(D^mmM 

®8 afcit/8 bd, r$ty-hlS3lcj;ot^ 
ICS ;bixT^-5<, . KWv^co-entWfiO^tt^ 

1 x 1 o 20 c m~H^±<Dn2(D^mM:mm 1 

1 b/O^ffM^tvO^ 

[0 110] *»F^T-(i, ^--^<-7-y7°g|5^C0^ 
^•^/kSr^lSKCffioTI+ailLfc-y-^X (Lovr) (4, 1 

TI+IilL/c-y-'I'X (Luni) 14, lOOnmllffe 

m£ (=^C75^<7)^^$Xj=^5 0nm) J: *9 t. 

[0111] ^JOiff^roEti^g'b, ^2C0^*^te 
co^EirlWltlirift^L. ^2C0^J©F$S^B(CJ;5^) 
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[0 112] WTJC, Ell 6 (a) ~ (c) £#BB.L& 
[0 113] £"f, 016 (a) l,ZJfrt£o[^ iBtffitf 

msmtms o (cat^o y ^mm i ±t7t h u 

S^* i 2 &Mf$. Ltzm, -> u 3 >-sis 1 ■t't- 

k^-f^SrixA-TS,, y* hu-^ M^y— vi 2co 
H (^-t^i^S*-(S](c^o-CI+Ii|Lfc1f'i'X) (10. 3 
7i><bO. 4/imi:t5„ jM3 % ^HJOKIBS-Ct, t*-f 
^-VCOaAJKi3C-t>/U^r— (1 3 0 rt><b 6 0 k e V, K— 
Xiliixi0%ibixi0 14 cm- 2 it5 0 Z.<D4 

mm 6 a ' *Sj;t>*6 b' 759FM£ft5 0 

[0 114] h'<?—>l 2io±TJ ! m$M 

ffcBt5 0«TBfcSLfc&, IH 16 (b) (C^rT^tC, h 

v*ATf§»iR2, j*isy-hm^3, ^a^d^4*j«t 

2 o#*&B-> JJ => >BISrft^tt«ffid»jSfelc J: o 
BH^^co yy/fyy^ astute y?-isyws*m\ ^x 

, >• ?-rz>Tm$?£ts—m<Dm&7' a -t^ xsic 

H (^+*/i*^te»oTfHllUi:1MX) (tO. 5 
rt>ib0. 6 

[0 115] IXEtffiV— hffij&>'<*—=->?<7>1tito 

mmmm 6 a ■ *jj;t>*6 b • y y©s 
6 0 ssey- h w£ 3 1 mm^&wmm 6b' 

*mmm<DWr$. '*& 100^15 OnmtftS. 
[0 1 1 6]-9c(^ 191 6 (b) fc^T^fc, 

v*aAi-5„ k^^oaAttfig^^^— *±3 0 

^60keV, K—Xfbi 5 X 1 0 13 H5X 1 0 14 
«£^*€«rt£»lg 6 a ' fcj:t>'6b' co?^, flWBy- 

aA$n/«ci/ ^\ ^tiJi^i-cof!iJii(c(icf>r B T i"</w k m 
mm 6 a • fcj;t>'6 b' w-twi, ismm-y-^ma 
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6 atexxmrnm kw xs8i6 b t Lxmm-z x o 

[0 117] fcic, ill 6 (c) (CTnf £51;, 

a*5±V9 bSrflMLTt^ t^^-^aAfSo t 
^-f 2f>C0aAJ!llHS^/U=¥— {43 0*^6 0 k e V, 
K— Xfi(4 5X10 14 /5>e> 5 x l 0 15 c m~ 2 ir-T5>o ^ 

MtS&W'f K Par—fr*.^—*)- 9 a*5«tt59 b^(t 

afc«fct/l 1 b*qiaft*Jx5. 7$Wti8a' *5± 

y<8b' w?*,, nmr— hmm&iznm yv*-^ 

^iiA^ti^^N ^tt^co^J-lii^u^Wk^ 
-f^vK-k'v^fffrftSo -ofcfe, 74«KtetR)V' 
8 a ' fc4l>'8 b' CO— ^|5I4 N ^m^y— ^^8 a 43 
«tt/4««S KW vfflJ«8 b <h LXtimtZ X o \z.t£Z> 

a>K mzm&*MmgpFmmmm 1 1 ajs^i 1 b 
jc^ft*-5. iii^^iie^teftfce 1 1 a*5«tt5i i b 

[0 118] {J£fegy-^ffilgc6 ajoit/fg^ KW 

&^masm!mz*srt5{&m& k^>««6 bit, 

y-h«^30Tg|5{c^r-iSAi-5o ccozifiy-^ 

CX h s 3?iSy- h«l 3 (c 4 o XWiotiX^ 
MJg. K U^f MlSigc 6 b CO^-— / ^— 7 y ^|5^(CI4 X 

-mm*ffiE-rz> a -tog*, wttkw>«Ki 1 

b(cI£^^LT#t|&$tvfc«fiu-</u^, Jt^JtCiii 

iriCioT, Wm?- hmM3lC£^X*'<-£tl£i¥ 

k -y Z <t ^T*# 5 4 5 fcfc 

[0 119] y-^/K u-f v^lgcWJFM^T 

[0120] (3B 5 (Dwmm) ar, n 1 1 ^#rb l 

5(9 ^i«b*MW(cj;5^|g+t^f*fetg^(aw^5coK 
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zU-MO SS777->aEEPR OMT'fc 5„ 
[0121] 12 1 1 {^$4x5 «fc 5(c, ^mi^MMco^f 

1 1 T'I4, *-co^ * U -feyu L;!)>fEic£trCV v^, 
3y£{ci4 s #&cdt< * y -fe^sp-SfeJbfc^l^nT 

ztittimmm<Dm$.zf&rt& mi o^mmta 

[0123] *3S*^ic#«tt*Att. ( i ) mgy 

^tix^zzt. (2) v'^^mm^mmmn 
vftstm i ^mmmm t , *mm&<nt&m 

ct> *iJ;tf (3) KKvfSrot 

P m^mmmm i b £#A/-ev ^5 ^ t tc*> 
sBQegffi© P m^mmmm 7 b o^F*B»aisEtt 2 x 

1 0 l7 fcb 1 x l 0 18 cm- 3 T-fc5o 

[0124] #mBme>xmmi>* %4<»mmm 
ssj^igac xtim » p 7 b wfiqfe^ k w >- 

[0125] *mimm<Dm&zm&rziax 14© 

IISBE^Kit^cfc^-C ifiMi6 (a) KJjk 
hl/-^ ^1 2t->!J lCDSfffi 

Sr^^Lfcfl, *>y =^SKUc*fLT3i<n.> (B) 

feSWi6 a*5it>*6 b<75fcfe<DnSi^^^->'Oi£A 

><75&A*#<4, l*J;i(4\ ri J 2 075*64 

OkeV, £A K— 5X10 12 7!»<b 5 X l 0 13 c " 
c m _2 -C**5 5o 

[0126] <%iG<owmm) ut. m 1 2 l 

/HVIO SS7 7 7 ->a E E P ROMt*5„ 
[0 12 7] Hi 2(C7r:$tL5J:9lc, *H^*gco^ 
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sttcn, ^(vt^viz^tfm-mLtizmmztixi,^ 

-So 

[0 12 8] *HS£^ffi<75^g(i, ¥3Mtfgl£rtf3£B£ 

stiz^mmsmeymiiLi&ii-ttiu mi i<r>mmbiz 
b ^ b°m cfflf&x-fo z> <dx\ m&ic&mtztKtkicriy, * 

10 z> 0 

[0129] *mimmicim&)t£ ( 1 ) mmv 

^.*/\^&mzJfe^xffli&\\z.— m<D r*&—9WRj t)s 
^*ti-CV>5rt, (2) KW>«Wa^F>BKi«Kro 

tt^^i. *m 1 co^mmmm 6bt, ^mvm&ntt 

^#*2^WP B 1(CiS(t^n7t^3<73^#)^ft!c^8 b 
t^fV^wi, (3) ^ir-*/«^Wfid s , KKV 

b. isxxf (4) %2<n?mmfflm\ 1 b<k P M^ 

1 2 b^tf^iricfo^o 

[0130] z<Dn-mimm^fmmmm i2bit 
m 3 (D^mmmm 8 b (o^mmm & 0 t>(ev 

O^Mfft«SJ4» lslgSaB«lW{c*5^-C, 2 x 1 oi 7 />>> 
6 1 X 1 0 18 c m- 3 T'fo <9 , n-SHS«6a^>BfefeatWi 
1 2 biWIIWKlll x 1 0 16 cm%?, 1 X l 0 19 

[0131] *mmm<Dimmm.h, msnmssfm 
<&&wbmm\cMftzu msnmmfflfrDmfflzxz®) 
mbmmtDmm^wztiZo z^m^x.x. *n 
mmzunx* n-mm^fmm^m 1 2b©# 

5o y — * mpftcoffiMii, h ^/i^fesffii 2 s/ h 

[0 13 2] WT(C, 111 7 (a) ~ (c) &#jHLfc 
[0133] 11 1 7 ( a ) {CtkTJ; 9 {C. ^Et)5 

csaiiSf ur 5 0 (cisfoftfc y =1 >mm ui:7thi/ 

v--^ l 2 £ffM LTct^. ->y = 1 f IC 

X) (±0. 37)*ibO. 4 M mi:t5„ Jfc*>\ *IB©^(fiT- 
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eV, K— Xfifi 1X10 13 fab 1 X 1 0 14 c m -2 1 

k e V, K— Xfti 5X10 12 fab 5 X l 0 13 c m -2 1 

«7t h l"^ h'<9—S 1 2-Clgt?nTV^i/^^c{r 
(S«fl^»l««Ett»6a' :fe\fcU<6b' *>«tVpga^Ftt 

mmm7 a * *$j:v7 b ■ -f^ixA 
m.& P m^mmm. x <o t>±t < kz> a 5 t-rs 1 1 1 

WmmM7 a' isiu^b' <z>»#as£«fc 

[0134] 7* h^^->i 2*jj:o«esaBff 

<tJB£5 0£Gfc*Lfcf£. Ell 7 (b) (CfrTcfc^C, h 

*. z.<r>imf- MUSfti, HS®Kb&tcJ;oThv^ 
*fefiffi£2 ^ffM-T^XS. r¥iSy- Miffi3 ifcSSRl 

/i^feftss 2 .Betters is. & 1 w#*g B B B •> y = van 
m*'j&a<n Wfyvj •y? L >y&ffi&m\< ^x 

0. 6/;mit5„ 

[0135] ±.mm?- vm^<n>^—~^^<r>tz.^> 
mHzmmzwmizMLx&mr— bmM3 tismspp 

mvtimm 6 a * :fcj;0<6 b ' fc©;*w<— ? -yT'eoa 

h vis 3 1 i&m¥mmm 6b' t<o 

-^■nWmfn^^ 0. 0 5?5^0. 1 5vmkti:Z 0 
[0 13 6] WC, il7 (b) (Ci^T <fc p Id, 

>&&A-rz a t^^-vcoaAAisi^/^— 1±3 o 

^60keV, K-Xtli 5 X 1 0 13 7>><b5X l 0 14 

(C, n^W>F^t£SfcB8 a' *5«tV8 b ' 

5 0 i&^7tei«l£KII 6 a ' fcctt>*6b' «5*>, f« 

^W£IEWI6 a' fcj;!>*6b' (D— g|5li. (6flta?y— 
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*w*6 a *s«ttfl6it« kk >®i^6 b t ^xmm-t 

pS^ttKJteKW 7 a *i «fct*7 b t LT?i-5 0 
[0 13 7] jWc, il 7 (c) {C7j*-r «fc 9 tC, fWiy 

- hm&mfomizmm?)^ \?<>*— tu^— y— 9 

a:fc5j;i>*9 b^MLfc'l t ^^vfcitfy > 
(P) -<3t->$r)XA-r?.o t ^-Y ^-^coaAAffit^yu 
^— ft 30^60keV, K— Xfct 5X10 14 ?5^ 
5X10 15 cm' 2 i -T5o y W 7h VOaAAOig^/U 
^— <i4 0 6 0 k e V N K— Xfifi 5X10 12 d^ 
5xi0 13 cm- 2 tf5, t*-r^-^aAiCj;o-C. ^ 

-5— y-9 a*5it/9 b^sgftlbnTV^nBtteWoeitK 
tc, SJRS^^ScS 1 1 afeit/l 1 bzjs^^tv 

5 0 ^F^te»fcii8a , fc-mb' <z>9*>. mmv- 

M«it*fc(±-y-^ K^*— /UX-<— y-9 a*3J:t>*9 b(C 
&v ^\ ^rixtl^ffi^cictti^ u^</K75 1 ^-^ K— 

t>*8b' O-SRIi, «f«ffy— ^««8 a*JiU*f«af 
Zo Mm^PfWmMtMl 1 a4o<tl>*i l bfi, ^rtt-e* 
A$tvfc y yCtot, n -M{ft^?FMf3atWl 1 2 

a # ±t5 1 2 b ^^M$tb5„ y ^(D^mmwmk 
tTfen^^axsr-, n-MfgMS^ise#)t£t^ 1 2 

a*3«fcO«l 2 bit-y--f Kl?*— /U9 afcj:i>*9 bWT^ 

[oi38] (^7 (Dmmm) &cf, m 1 3 L 

/UMO SS77 r>iEE PROMt*5, 

[0139] ei 1 3 ic^^ns =fc 9 fc x *mmm<7>^ 

i/»=i yW&n P M^(*ffi%cffM$tiTV ^5. El 1 

40 3-eit, <7Dy*y-t/uL^iE«fe$nTv^^N m 
Hicrtu #^c<75y^y-tr/^siwi-sig_h(cm^$nT^ 

[0140] *mmm.<nmmx ^mwfmm^m 

m.t MtAjam vmx'ihz><nx\ m^^m-^mm. 

[0141] ^■mmmnmm.tmi 2omn.t<n^\z 
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[0 14 2] *H»K«g<oSg|l-C{i, S#i&*»ffrS: K 

[0143] mzmmft^^xix wmv- hwms 

y— *m$Ll 1 aC5H6 V, K 
wf >W* lib *J .fctjgSIRte. 0 V<7)®££3ttn U K 

^*;i4mm 2 & aax* h ^/ntsejct o xm^zn 
t>9jmg(n&\, ^-em^o h y >?&£.cz a 

[oi44] afcte. k u-r ^tt'itcco^ P m^mmmm 

s<?— >^izXoXm^Xisift£X^\ zcD,£jtWtco<^ 
Ttt, El 17 (a) *»P> (c) Sr#figL-OKWLfc«Bt 

[oi4 5] (m8nmmm) &r. ai 4£#bb.l 

/UMO S S7 7 y E E P R OMti>5, 

[0146] hi 4tc^$ix5j:5{c. ^mmmn^- 

> V a y£1gO p S^fWK$tcj&#£ft-0 El 1 

[0 14 7] *H*Efl^8(^gltiEli 3^gi«c 
fc-5^gii, *mw<r>h*^>W$tnffii&t>mi 3 (Dm 

[0 14 8] ^Ig^figfcfc^Tk, ffiterofcAro*?- 
lCflMJ0$ix5«El±. 0-'J^«i*5V^lt<!:fS<, n"S(S 

mspmmmm 6 b *s «tu« P 7b»^ 
<D^m>>mm x i ohm<Lxt>. km Mmicoft/HST 

li. (Sft^ttftfettftS 6 b J; 0 s p SM^tef&JI 7 
b<0^«4WRSSr, -tti^'tu 1 x i o 19 ^>6 1 x l o 
20 cm- 3 *iJ;t>*l X 1 0 17 rt>6 I X l 0 18 c trT 3 ICt3:5£ 
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(OX\ i-« K H VlE^SS K 1 1 b 

[0 14 9] ra*ttfft^^T«SWfiiy— H^ffi5iC- 
6 7i»e,-8V, y— Xffgigcl 1 a(C575^66 V v 
>ffl& lib ifc.fctFv' y 3 >mfc 1 (- 0 VffltE^W 

u h>^u®KtK2^jiH5 v^^mMKx-oxm. 
ttnmv-vw&3t^y-*mmzs\%m< a z.<o 
m&h. m^?i#&#»iy— Mmx y frt>tiz><nx\ » 

ft*, h ^*A4mm 2 osJWbas/jNfe < ftfitticsti 

TV^„ n-Mlgmg^^&«Jcei 2 a(75#& 

[0 15 0] &LT^ mi 8 (a) ~ (c) «WSL* 

iK> [0 15 1] Si". 018 (a) tCTrN-Jcpld, «ffiiS 
f*IfggfLK5 0 (c^toixfc^ y ^ ^fflg l ±(C7^- h u 
h/^-vi2 ?rffM Lfcfg, ~> y = l f tc 

y—^wmbtt%9t$M.o =t 5 i-^$tt-5 0 t*>r 

^-^^>^iA^lffil^^^^^f— (4 30A^60keV, K— 
X4(4 1X10 13 /5><b lxi0 l4 cm- 2 iU * n 
^-vroaAAffil^yU^— « 2 0^4 0keV > K— 
JO Xfifil X 1 0 13 7^e>l X 1 0 14 cm- 2 tt5 o Z.<D4 
^->SEA(cj;oT. ->y =i>S1SlO^®coy^- K 

[0 15 2] V* Y U^J* I 2io£.Tjmm. 

i\MS OSrBfefeL^:^ 018 (b) {C^-f-J; o tc, h 

>*^mm2. mmy-hwm3* ®mmm4£>£ 
<n&&&->v =>m*itf¥#m.nfmmz.£'ox 

/j: 5 SfS 2 w#^ a B a -> y 3 vMSrft^jMtB^ftrfetc «t o 

x®m$mm4±.izmm-zTM, axz/ztih^m 
j:o-r^$4x-5 0 *3«#!§rei4, fflJiy-hmitw 

50 frbQ. 6 limits 
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[0153] ±mnmv- vmk<n^?--^>f<ntz.th 
©!jy^77^ isjcjsi ^-c, : mmv- k mm 3 1 {&& 

[0 154] WC, il8 (c) \Zjfrt£.o\^ 

^SraA-T5„ fc^^vco&AAD^*/^— fi3 0 
^60keV, K— XSli 1X10 14 rt>e> 5 X 1 0 14 

m^mmmm 6b' w^, at/iy- M«»3*fo 

*tusu\<r>&ma-#¥fSl i"<jur> t jR>r K— tr 

CO— fflB±, K 6bi «fc 5 

[0 15 5] El 8 (c) iZjjkrfXolZ, ftM? 

(P) -YTl-vSr&A-f-So t^-Y^-XDffiAJDjS^/L' 
=¥— 1$ 30H60keV, K— Xftfi 5X10 14 t5^ 
5 X 1 0 15 c m -2 1 -f&6 y W ^>C0iiAJ!JDj$3i^/U 
^—(±4 0A^60keV, >*— X*il X 1 0 12 ^6 
ixi0 14 cm _2 tt5. t^^-v5raAi--5r iric 
ioT, ^ttSfficO^ ^SUI^- hflfitSScttflM K 
i?*— /u*^— - tf-g a*3j;U*9 bi«K»-t?>ixTV>5W« 
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*sj;t>*9 b tc?g*tfvO ^SfWactt, ilAnifttc: mum* 

18a' fcit/8 b ' CO— gWi, ffliaey— ^tS«8 a 
*j«tU*f«S KM vfsffig<8 b t J; 9 left 

5*\ ft&ro^(ii*iigS^!^teSfeS 1 1 ajoJ;t>*i 1 
b»c3EfW5 0 iei^S^«£Sfc® 1 1 afc\fctn 1 b 

tcto-c, n-msm8PFmm»m 1 2 a*j«tu«i 2 

[0 15 6] W±lftWLT£;fcJ:5(C, |g3*»C>jR8<Z5 

m^-^mmmm e bco KWMMC^icam-sfjf 
«cf ± k w ^muL^iSM^F-mmtwcm 6 b iceit^ 

a> ffiSr^st, v?isy-hflM3cofl:fi(c^c-c. mm 

8 (a) (OTf ± 9 /j^B»W«$n5 ; i e 
[0 1 5 7] Hi 9 (a) :fcJ:U« (b) ^JSWco^ 

[0 15 8] 
[361] 













0 


+ 3 . 3 — 5 


+ 5 




0 


0 


+ 1 0 


yB*^ (^12) 


0 


- 5 


+ 5 



m-oxm 1 (D^mmmm 6 b ay?**;\<m&2M>*eM 

*B#, 019 (a) rofflSg-m, ha@3C0« 
J Fi±±(-^BlBCO^^iio-cm2cO^#5te^l 1 
b(C?|#K/)^5 0 Hi 9 (b) <73flKrCI±, X 

- * tfte83\ rfisy- h mm 3 coa-^tt^tc^ b con 

[0 15 9] -cOJ:9!C. *^CO^^gtt^($fEtt 
mmic£ti& W^iA^®jfW(c4yttsm^iiAco{2:Si 



<c*i, liimt #igy-i>a^3icg« 

$ixfe«^Sry-^«il«8 aifclil 1 a-§l#^< - 
tie J;oTllfrr-5 Z 1 1 prt§-Cfe5 0 
[0 16 0] ±SE#H^^gT?{i, ??igy- hfl:^3C0 
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fiB££ftfcv \ wmv— hmm 5 1 1> — sb^s^- 

IBStt^^HBIgSSa^t, 08 (a) *>\fcT>' (b) Sr 
[0 16 1] 

W fflj^-i ^— /<-9 y 7°U ^(Dzt' — — 7 

[0ffiO«W«i:tftW] 

[Hi] «OMO SS77^>aEEPR OM®»fi 

[0 2 ] ^mn\^h^mm.^mms^m.<Dm 1 <z> 
iUB^iwwfafl2rt?*>5. 

[i4] (a) »4\ ilfflUKlCgtroKKyi 

(b) (4, tej5^«OKW>iBWfCi3»tS*siz^|Si 

[115] (a) A»e> (d) Ji, 02<75g|gcDl&£^fe£- 
IftWt"* fc#OX1S0rffi0-C-fc 5. 
[06] ^W^J:5JRf^¥»ftta«tSll03R2 0 

[07] *miiz£s*m&^msffl&mton3<D 
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[08] (a) 11, *##j£*B*1CJ3I*.5 KKV 
0T*fc"9. (b) |i» #^-MBSw*tfcdS(£TLfc. 

[09] (a) fciLN* (b) {4, 0 7Oi£EoMit^fc 

[010] *&w\c£z*mm¥mmdtmm<D&3 

w . (in] *&mc£z*mm.^metg&m.<D&4 

[012] ^mm^x^^wm±^mmemmm<Dm5 

[0i3] imm\zx^^mm^¥mmmmm.<DmQ 
(Dmmm(Dwmmxh z> 0 

[014] «t 5^R*5g+t¥?H^i5tg^fficom 7 

<nwmm<7Mmmx&z>„ 1 

[015] (a) *»P> (c) (4, 06(O^BW®i3t*-ffi 

<?0 [016] (a) *»e> (c) 14. 07(Og|g<7)Mj£^£: 
fcWJH-T 5 fcJ6<75XSWTffi0T-fe 5. 

[017] (a) *>(b (c) (4. 09W^gcDSat*-fe 
Sr«ftWi-5 fci6(OXS®f®0T*^5 < , 

[018] (a) (c) (4, 01 l<D%i&<DW&j 

mztSLW-tz tmb<DT.wmmx'&> z> 0 
[019] (a) is (b) {4, *zem<&ms6fe.¥- 
mmmmmcisis^x. <?— y-mzyhfrs^&xFf— 9 

TfrtmX'h^o 

30 m&omm 



1 m££k¥mt*mzi 

2 hffruiemm 

3 mm/mr—v- (fg) 

4 &mmm 

5 hfflS (CG) 



[01] 

103 104 



113- 
114- 



102 ) m ,105 



•109b 
110 



-111 
.112 

-101 



11a 



V/////A 



[02] 



V 



4 

3 
2 



lib 
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(a) 




(b) 




As 



6a 



[E19J 
12 



As 



(a) 



OE 



50 



11a 



As 
1 i 



<b> 



As 



FG 



,11b 



a. 



n+ 



6a N 6b 



[iio] [mil] 
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<8ffl¥-l 1-345888 




(24) 



1 1-345888 



(a) 



6a' 



As 
i I 
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